SYSTOLIC MURMURS heard during the first year of life in apparently healthy children are commonly noted to have disappeared at a later examination." 2 The exact origin of such murmurs is not known but it has been suggested that some are accounted for by exaggeration of the physiologic pulmonary systolic murmur and a few by late closure of the ductus arteriosus. Of particular interest is a small group of patients in whom a confident clinical diagnosis of ventricular septal defect was made at the initial examination on the basis of the site and quality of the murmur, yet as the child grew the murmur diminished and ultimately disappeared completely. The results of special investigations in a few of the patients support the cLinical impression that these murmurs arise from a ventricular septal defect that closes spontaneously.
Method All patients were seen in the cardiac department of the Hospital for Sick Children, Toronto, during the period 1949 to 1959. They were divided into 3 groups.
In the first group were 37 apparently healthy children in whom a diagnosis of ventricular septal defect had been made at the first examination but in whom disappearance of the murmur was confirmed by subsequent examinations. Thirty-one of the patients were seen during the first year of life. In each case the diagnosis was based on the clinical assessment including electrocardiographic and radiologic examination but in 4 of the patients cardiac catheterization was performed while the murmur was present and in 1 it was repeated after the murmur had disappeared.
The second group consisted of 9 patients with clinical features typical of the preceding group but in whom the murmur had not yet disappeared at the time of writing. In 5, the murmur was recorded on a Sanborn phonocardiogram with a photographic recorder. Cardiac catheterization was From the Department of Pediatrics, University of Toronto, and the Research Institute of the Hospital for Sick Children, Toronto, Canada.
Aided by a grant from the Ontario Heart Foundation. done in each case. In 1 patient the catheter passed through the foramen ovale and cineangiocardiography was performed with injections of 5 ml. of 90 per cent Hypaque (sodium diatrizoate) into the left ventricle. In 3 others, sound tracings were inade from the pulmonary arteries, right ventricle, and right atrium with an intracardiac phonocatheter and the Sanborn recorder. The tracings were compared with external phonocardiograms taken at the same time in the third and fourth intercostal spaces at the left sternal border.
The third group included 1 patient seen during the first 6 months of life with the clinical picture of a large ventricular septal defect and congestive heart failure. Cardiac catheterization was done when the patient was first seen and repeated at 7 years of age when the clinical signs of heart disease had disappeared. This patient was not included in the first group because of the serious nature of the heart disease with which she presented initially.
Observations Patients with Murmurs That Disappeared Clinical Features
A diagnosis of ventricular septal defect based on clinical findings was made in 37 children in whom the murmur ultimately disappeared. None of the patients had cardiac symptoms and all but 2 were referred for assessment of a systolic murmur noted on routine examination. One patient experienced frequent respiratory infections and another had unexplained eyanotic attacks. Three patients weighed 2.5 Kg. or less at birth: 1 was a discordant twin. Transient respiratory distress in the neonatal period was recorded in 1 patient and denied in 30 others; in 6 information was not available.
On examination all the patients appeared healthy without eyanosis, respiratory distress, or signs of congestive heart failure. The systolic murmur was moderately loud, usually grade II (of 4 grades), and was of uniform intensity throughout systole beginning with the first sound and extending to or stopping short of the second heart sound. No midsystolic accentuationi was evident. A consistent SPONTANEOUS CLIOSURE OF DEFECTS feature was the superficial blowing quality of the murmur, giving the impression of highfrequency vibrations arising immediately under the diaphragm of the stethoscope. The site of maximum intensity was always in the third and fourth intercostal spaces at the left sternal border. There was no radiation to the axilla or neck vessels. The murmur did not vary with respiration but its duration and intensity decreased markedly in a few patients during the Valsalva maneuver. A faint systolic thrill accompanied the murmur in 6 infants, all of whom were under 6 months of age. In these cases the murmur was usually of grade III intensity. At a second examination under 1 year of age the thrill had disappeared in every instance. The heart sounds, when described, were normal except for 2 infants in whom mild accentuation of pulmonary valve closure was heard. In no instance was an ejection click or diastolic murmur noted. A third heart sound was heard in some patients and a venous hum was present in 2 of the children.
The electrocardiogram never revealed striking abnormalities, and in 24 of the patients it was completely normal. Ineomplete right bundle-branch block occurred in 5 patients and in 1 other right ventricu'ar hypertrophy was indicated by an upright T-wave in lead VI, where the ratio of R/S was greater than 1. Left ventricular hypertrophy was present in 4 patients and evidence of combined left and right ventricular hypertrophy was noted in 3 others: in each instance the abnormal tracing was taken during the first year of life and subsequent electrocardiograms after 1 year of age were normal.
Radiologic examination of the heart and pulmonary vascular markings was normal in all patients over 1 year of age. In 6 infants, age 1 to 7 months, there was some cardiac enlargement with a cardiothoracie ratio raiging from 0.55 to 0.61; in 2, the left atrium was enlarged, and in 4 the hilar shadows were increased. Prominent vascular markings without apparent cardiac enlargement were seen in 2 other patients. All The arterial oxygen saturationi was assessed by ear oximetry in 13 patients at rest and with crying and was found to be over 90 per cent in every case.
At subsequent examinations over the years the systolic murmur tended to decrease in intensity and become shorter. With some murmurs a decrescendo quality about midsystole was recognized. Shortly before the murmur disappeared, it occupied only the first third of systole. The age at which the murmur finally disappeared varied greatly but in the majority of cases it was gone by 2 years of age. In 7 children it persisted beyond 3 years, and in 1 the murmur did not go until the child was between 9 and 10 years of age. After the murmur disappeared no abnormal physical signs could be detected. In 10 patients a soft ejeetion systolic murmur with low-frequency vibrations was heard in the pulmonary area. The site and quality of this murmur, often heard in normal children, clearly differentiated it from the disappearing type of murmur.
Cardiac Catheterization
Four of the 37 patients in whom the systolic murmur disappeared were submitted to cardiac catheterization while the murmur was still present. The results are shown in table 1. There was evidence of a left-to-right shunt in each case. In 1 patient, D.L., the over-all rise in oxygen saturation was only 2 per cent but 1 sample of 85 per cent in the right ventricle helped to confirm the presenee of the shunt. In the other 3, the increase ranged from 7 to 18 per cent, indicatinlg a mild to moderate shunt. The intracardiae pressures were normal in 3 patients, but in D.B., who had the largest shunt, moderate elevation of right ventricular, pulmonary artery, and mean "wedge" pressures was noted. At 6 months of age patient F.S. had a long systolic murmur and a rise in oxygen saturation of about 10 per cent at right ventricular level. When he was seen at 3 years of age, the murmur was very short and early in systole. The patient was catheterized again 3 months later but at that time the murmur The results of special investigations in 9 additional patients with typical disappearing murmurs are shown in table 2. It should be stressed that in this group the murmur had not disappeared at the time of writing but, from the clinical standpoint, it was considered in each case to be of the type that would eventually disappear. The murmur was not associated with a thrill, aind in all patients the electrocardiographic and radiologic findiiigs were within normal limits.
At cardiac catheterization a left-to-right shunt was demonstrated at velntricular level in 5 patients. It is noteworthy that in 1 patient, M.W., the over-all rise in oxygen saturation was negligible but 3 samples taken from the apical region of the right ventricle were 65 65, and 85 per cent, considerably higher values than in the right atrium or the pulmonary artery. In 4 patients the presence of a ventricular septal defect could not be established by oxygen studies: in patients R.C. and T.G. the rise in oxygen saturation was 2 to 3 per cent at most, and in JL. and S.B. no increase was noted. No other abnormality was found, however, to explain the systolic murmur in these cases. The right atrial and "wedge"y pressure tracings did not suggest tricuspid or mitral incompetence, and no systolic gradient was present between the right ventricle and the pulmonary artery.
Phonocardiographic studies in the 5 patients in whom a left-to-right shunt was demonstrated suggested a correlation between the length and intensity of the systolic murmur and the size of the sh-unt. The duration of the murmur is represented diagrammatieally in. table 2. Patients D.M. and R.M. with the largest shunts had grade-TI pansystolic murmurs extending from the first sound through to the secolnd sound. On the other hand, in patients J.F. and C.K. the rise in oxygen saturation was less than 5 per cent and the murmur was softer and shorter, terminating in early or midsystole. A soft, short, early systolic murmur with decrescendo quality was present in patieilt MA.W., in whom no increase in pulmonary blood flow was detected ( fig. 1 ).
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ONxvgeii stuil/lies iln tihis /ase bhut sail]/les; froll the a11/i/al regi//oi of the right -envtriclc were c(/ siSt/f ltt 1/g-Ii /e] thlA 1/ tIh //se takel e 1 s e whrI e ill the rigl/ot si/e of the he(art. Fr-onl th/ese il veNstigratiolnis it is aC-ppaircnt tIP/t the dlisal)lpeal-iiJ s>ystolic nttiiinur arises froint c clv trici lari sepltla defect although ii som0ie /patients the left-toi gl/t slilt I//ay bi/ vations. In infaney the systolic murmur is long and in a few cases the clinical signs may suggest a moderate-sized ventricular septal defect with a pansystolic murmur and thrill, electrocardiographic changes, and radiologic evidence of increased pulmonary blood flow. By the end of the first year all the abnormal signs disappear except the systolic nmumur. The murmur becomes progressively shorter and softer and eventually it disappears. A comparison of the character of the murmur in the phonocardiogram and the size of the shunt at cardiac catheterization in 5 patients suggests that the gradual reduction in the intensity and duration of the systolic murmur reflects the decreasing magnitude of the leftto-right shunt. Disappearance of the murmur, therefore, might represent ba1ancing of pressures in the right and left ventricle or a reduction in size of the ventricular septal defect. There is no clinical evidence for the former concept, since the physical, electroeardiog aphic, and radiologic signs do not reflect the developmeent of right ventricular hypertrophy or pulmonary hypertension.
Furthermo: e, in 1 patient with a proved leftto-right shunt who was catheterized a second timne after the murmur had gone, there was no elevation of right ventricular pressure and no residual shunt. It would seem, therefore, that disappearance of the murmur represenits closure of the ventricular septal defect. If the defect opened in the inflow region of the right ventriele it could be sealed off by adherence of the septal leaflet and chordae of the tricuspid valve, but the gradual sequelice of events and the probable location of the defect in the muscular portion of the septum make this unlikely. Alternatively, the defect could be progressively narrowed by hypertrophy of the muscle of the interventricular septum. This, in our opinion, is the probable mechanism of closure. In the newly born infant the septum is very thin between the trabeculae, particularly in the region near the apex of the heart. With growth of the heart and hypertrophy of its musculature the septum is gradually thickened, and small interventricular communications might be expected to be narrowed and ultimately obliterated. In support of such a hypothesis are the observations of Edwards3 that defects of the muscular septum in infants are ovoid in shape, whereas in adults they are small and linear with the upper and lower margins almost in apposition. In one 65-year-old man the margins of a small defect in the miuscular septuin appeared to have fused.4 Spontaneous closure of a ventricular septal defect is not a new coneept. This phenomenon was suspected on elinical grounds by several physicians but in no instance was the diagnosis proved. The first and best documented case was that described by Frenieh in 1918.5
Sonie years ago I saw a small boy, 14 months old, and on examination of the heart there was a loud systolic bruit, with its maximum intensity over the fourth intercostal space, close to the sternum, but audible over the whole precordial region, and indeed over most of the chest, both back and front. It was accompanied by a thrill near the sternum, and those of you who have seen congenital heart cases in the wards will realize the kind of case it was when I say that Circulatio'n, Volume XXII, December 1960 the diagnosis made by myself and others was congenital perforation of the interventricular septum. The father of the boy was an officer in the Navy, and this was his only child. He had always made up his mind that any boy of his should follow him in the service, and it was a tremendous blow to him to find that the child had a bruit which was certain to cause his rejection at the medical examination . . . I saw the boy again when he was two years old, and the bruit was about the same as before, very loud and universal. I saw him again when he was five, and there was then absolutely no bruit at all! I saw him again at the age of ten; and he was still without a bruit and had no objective evidence of any heart lesion. The father's keen desire that the boy should follow him in the service has since been gratified and the case has taught me that the bruit of a congenital malformation of the heart may disappear as a child grows up.
French considered that the murmur disappeared because the defect did not enlarge in proportion to the growth of the heart. Other probable examples of disappearance of a ventricular septal defect are cited by Stamm, 6 Weber,7 Still, 8 Perry, 9 and Muir.10 Weber7 postulated that contraction of the fibrous tissue around an aperture in the interventricular septum might diminish the size of the defect or close it off completely.
The paucity of case reports in the literature would suggest that spontaneous closure of a ventricular septal defect is rare. The present series of 37 patients was culled from over 120 patients seen in a 10-year period in whom the disappearing type of murmur was present. The remainder of the clinical cases were not included, since the murmur was not followed to complete disappearance. Probably other examples of this condition in older children were dismissed as functional murmurs, since no abnormality was detected apart from the murmur. With our current awareness of the syndrome an increasing number of cases have come to our attention. During the last 5 years in the practice of one of us (R.D.R.) 217 cases of ventricular septal defect have been seen, and 54 of these would seem to be the disappearinlg type of defect. Furthermore, in a recent survey of 80 "normal" newly born, term infants the typical super-Circulation, Volume XXII, December 1960 ficial blowing systolic murmur, beginning with the first sound and stopping before the second sound, was heard in 3.11 If the proposed concept of the pathogenesis and disappearance of the murmur is correct these data suggest that small defects in the muscular ventricular septum that close with growth of the heart are relatively common.
Spontaneous closure is not confined to small defects. The patient who presented with congestive failure had the clinical signs of a major left-to-right shunt in keeping with a large ventricular septal defect. The exact site of the defect was not demonstrated. The mechanism of closure is uncertain but the clinical and hemodynamic evidence of a gradual reduction in the left-to-right shunt over several years is in keeping with the concept that muscular hypertrophy of the septum, perhaps augmented by the abnormal cardiac workload, narrows the septal defect and eventually obliterates it.
Recognition of the fact that small defects of the muscular ventricular septum will close without treatment is of practical importance. These lesions are not uncommoln; they can be identified by clinical assessment with reasonable certainty; and, the progniosis is uniformly good. Spontaneous closure of large ventricular septal defects, however, must be rare and unlfortunately the cliniieal signs are not sufficiently distinctive to permit prediction of a favorable outcome.
Summary A group of 37 children is described in whoni a systolic murmur heard early in life gradually diminished and eventually disappeared. When the patients were first seen, the clinical findings suggested a small ventricular septal defect but no thrill was present and the systolic murmur had a superficial blowing quality with high-frequency vibrations and tended to stop before the second heart sound. Cardiac catheterization demonstrated a small left-toright shunt at ventricular level in 4 of the patients while the murmur was present; in 1 this was repeated after the murmur had gone and no abnormality could be demonstrated.
Cardiac catheterization in other patients with typical disappearing systolic murmurs showed a left-to-right shunt in some but in others this was too small to be detected by routine oxygen studies. A rough correlation was established between the length and intensity of the murmur and the size of the shunt. With angiocardiography and intracardiac phonocardiography the exact site of the ventricular septal defect was localized to the nuscular portion of the septum in 4 of the patients.
In 1 patieint who presented with congestive heart failure, clinical and hemodynamic findings of a large ventricular septal defect diminished over several years and finally disappeared.
Children with the specific type of systolic nurmur described mnay be recognized as having a small defect in the muscular ventricular septum. The defect is thought to be gradually reduced in size and ultimately closed by hypertrophy of septal muscle. Spontaneous closure appears to be not uncommon with small ventricular septal defects and may rarely occur with lesions large enough to present with congestive heart failure.
Summario in Interlingua
Es describite un gruppo de 37 juveniles in qui un murmure systolic, audite tosto in le curso de lor vitas, se reduceva gradualmente e dispareva in le curso del tempore. Quando le patientes esseva primo vidite, le constatationes clinic suggereva un miiere defecto ventriculo-septal, sed nulle fremito esseva presente, e le murmure systolic habeva un qualitate de sufflation superficial con vitrationes alti-frequential e tendeva a arrestar se ante le secunde sono cardiac. Catheterismo cardiac demonstrava un micre shunting sinistro-dextere al nivello ventricular in 4 del patientes durante le tempore quando le murmure esseva presente. In un, le catheterismo esseva repetite post le disparition del murmure, e nulle anormalitate poteva esser demonstrate.
In altere casos typic de disparente murmures systolic, le catheterismo cardiac monstrava, in plures, un shunting sinistro-dextere, sed frequentemente isto esseva troppo miere pro esser detegite per routinari studios de oxygeno. Un crude correlation esseva establite inter le longor e le intensitate del murmure e le magnitude del shunting. Per medio de angiocardiographia e phonocardiographia intracardiae le exacte sito del defecto ventriculo-septal esseva fixate in le portion muscular del septo in 4 del patientes.
In 1 caso, presentate con congestive disfal1imento cardiac, le constatation clinic e hemodynamic de un grande defecto ventriculo-septal se attenuava in le curso de plure annos e finalmente dispareva.
Juveniles con le typo specific del hic-deseribite murmure systolic pote esser recognoscite como suffrente de un micre defecto in le portion muscular del septo. Es opinate que le defecto reducite gradualmente e claudite ultimemente per hypertrophia del musculo septal. II pare que le clausion spontanee de micre defectos ventriculo-septal non es incommun. In rar casos, clausion spontanee pote occurrer quando le lesion es satis marcate pro presentar le symptomas de congestive disfallimento cardiac.
